Abstract Fast-moving technological advances, such as satellite tracking technologies, are providing in-depth information of aspects of avian ecology hitherto unknown. In fact, detailed information about movement ecology and ranging behaviour of birds is important not only from the perspective of the basic ecology, but also from the conservation point of view. This is particularly important in European countries where agricultural intensification, land abandonment and the withdrawal of traditional management agro-forestry practices pose a threat to biodiversity. The Booted Eagle, likewise other forest raptors, is an adequate bioindicator of human-dominated agro-forestry Mediterranean landscapes in which low-intensity traditional agricultural practices still persist. Here, using a combination of an unbiased technology (i.e., GPS telemetry), a wide geographic extension of marked birds (all over Spain), and much larger sample size than in previous works, we provide the first quantitative assessment of the home range size and space use of the Booted Eagle by means of GPS satellite telemetry during the breeding season. Interestingly, our results revealed different levels of space use over the breeding season and showed that eagles perform long distance foraging movements (i.e., [20 km) from the nest throughout the breeding season. This resulted in larger home ranges than reported thus far, and, more interestingly, in an extremely eccentric topology of territories. Hence, management measures for conservation of forest raptors based on setting restrictions around nesting sites using buffer areas of arbitrary radii clearly results in large areas of eagles' home ranges laying outside ''restriction'' areas. Therefore, conservation measures should take into account the full range of agro-forestry habitats encompassed within the home range. Finally, our results support the claim that a large-scale management approach beyond the establishment of a closed network of protected areas such as the Natura 2000 network is necessary for the conservation of Mediterranean raptors. 
Introduction
The study of animals' movement is a subject of major interest in spatial ecology and behavioural ecology (Nathan 2008) . Recent advances in tracking technologies have allowed a significant increase in our understanding of the spatial ecology and habitat use of many organisms (Cooke et al. 2004; Rutz and Hays 2009; Bograd et al. 2010; Kays et al. 2015; López-López 2016) . This is crucial for conservation planning and to inform management decisions regarding endangered species (Kays et al. 2015) . Many raptor species breed in forest environments that are subject to different degrees of human exploitation and where an adequate management of forest resources is of primary importance in order to guarantee long-term preservation of biodiversity. As a matter of fact, forest raptors are generally ecological top predators and have been claimed as adequate surrogates of high biodiversity values, justifying conservation practices based on their role as major ecological indicators (Sergio et al. 2005 (Sergio et al. , 2006 .
Forest fragmentation and agricultural intensification have been documented as major causes of biodiversity loss in Europe (Saunders et al. 1991; Donald et al. 2002) . In some European countries, agricultural intensification, land abandonment and the withdrawal of traditional management agro-forestry and livestock raising practices have become a threat to biodiversity (Stoate et al. 2001) . As a consequence, the European Union has approved a biodiversity strategy to halt the loss of biodiversity and ecosystem services by 2020 (European Resolution of 20 April 2012 of the EU Parliament; http://ec.europa.eu/ environment/nature/biodiversity/comm2006/pdf/EP_resolu tion_april2012.pdf). One of the main goals of this strategy is reaching a more sustainable agriculture and forestry.
Whereas our knowledge of habitat requirements of some endangered raptors has increased in recent years, our knowledge of the spatial ecology and space use of less charismatic but widespread species still remains poorly understood. A good example is the Booted Eagle (Aquila pennata), a fairly abundant raptor species inhabitant of Mediterranean forests for which the study of its spatial ecology and ranging behavior has received little attention in comparison with many other European raptors. Detailed information about movement ecology and ranging behaviour of birds is important not only from the perspective of the basic ecology, but also from the conservation point of view. Fast-moving technological advances, including satellite tracking technologies and other bio-logging innovations, are providing in-depth information on aspects of avian ecology that have thus far been unknown (López-López 2016) . Therefore, studies aimed at gaining further insight into issues such as movement behaviour throughout the annual cycle, extension and topology of home range areas, and connection between space use and protected areas, among others, are essential to guarantee an adequate protection of species of conservation interest.
Several studies have focused in basics aspects of the Booted Eagle's ecology; basically, territorial occupancy and breeding behaviour (e.g. Martínez et al. 2006; Pagán et al. 2009; Jiménez-Franco 2014) , habitat selection (e.g. Sánchez-Zapata and Calvo 1999; Suárez et al. 2000; Bosch et al. 2005; Barrientos and Arroyo 2014) and diet (e.g. Veiga 1986; Martínez et al. 2004; García-Dios 2006) . However, very few studies have focused on movement ecology and space use of this species. Over the last few years, some studies have focused on migratory routes and description of wintering areas (Chevallier et al. 2010; Mellone et al. 2012a Mellone et al. , b, 2013 Mellone et al. , 2015 Vidal-Mateo et al. 2016) , taking advantage of satellite tracking technologies. Notwithstanding, space use and ranging behaviour during the breeding season still remain poorly understood. To date, very few studies have focused on these topics, and all of them have been conducted using conventional radiotracking technology with limited sample size (Martínez et al. 2007; Díaz-Ruiz and Cebollada-Baratas 2011) , which limits spatial accuracy of observations. Hence, this study aims to contribute to filling a substantial gap in our knowledge of the ecology of the species.
Taking advantage of high spatial accuracy of GPS satellite telemetry, the main goals of this study were to: (1) describe and quantify Booted Eagle's home range size and spatial parameters during the breeding season; (2) analyze whether space use varies across the different stages of the breeding season and/or in relation to internal factors such as sex; (3) characterize habitat use in relation to land cover variables; and finally (4) derive management recommendations for the conservation of forest-dwelling raptors in Mediterranean landscapes.
In particular, we tested the following hypotheses: (1) taking into account that the Booted Eagle is a territorial species and thus needs to defend its nest against potential competitors (Martínez et al. 2006; Jiménez-Franco 2014) , does home range size and/or territory shape (i.e., topology of the territory) vary across different stages of the breeding season?; (2) considering breeding needs in relation to chick guarding (Newton 1979) , is there any difference between sexes in relation to distance to nest site and distance covered within 1 h over the breeding season? Do females stay closer to the nest during the period in which they are incubating or have nestlings?; (3) considering that most diurnal raptors are central place foragers (Sonerud 1992) , do Booted Eagles perform short/far-ranging movements or a combination of both for foraging? Do these foraging patterns vary throughout the time of the day and/or over the breeding season?; and finally, (4) though the Booted Eagle is considered a forest raptor (Cramp and Simmons 1980; Ferguson-Lees and Christie 2001) , does habitat use (and particularly forest use) vary over the breeding season? Or, as suggested in previous studies (Martínez et al. 2007) , does the probability of forest use decrease with distance from nesting sites?
Materials and methods

Study species
The Booted Eagle is a medium-sized, long-lived polymorphic territorial raptor distributed across Europe, northern Africa, the Middle East until Asia and the Indian subcontinent (Cramp and Simmons 1980; Ferguson-Lees and Christie 2001) . It is a summer resident in Europe and the majority of individuals overwinter in the Sahel region and tropical Africa after the breeding season (FergusonLees and Christie 2001; Mellone et al. 2013) . Interestingly, some individuals do not perform long-distance migrations and winter in the Mediterranean basin (Martínez and Sánchez-Zapata 1999; Baghino et al. 2007 ), a tendency that has increased in recent years (Morganti 2014; authors unpub. data) . The European population has been estimated at 4400-8900 pairs (Burfield 2008 ) and most of them ([60 % of the European population) breed in the Iberian Peninsula (Martí and Del Moral 2003) . Due to its extremely large range, the species qualifies as Least Concern worldwide (BirdLife International 2015) .
Although traditionally considered a typical forest raptor, the Booted Eagle is a very adaptable species, breeding from small isolated forest patches close to marshes (Suárez et al. 2000) , Mediterranean pine forests and woodland areas (Sánchez-Zapata and Calvo 1999) to large continuous forests (Bosch et al. 2005 (Cramp and Simmons 1980; Del Hoyo et al. 1994) . Main threats for the species include habitat loss and degradation, electrocution in power lines, direct persecution, occasional forest fires (particularly in Mediterranean pine forests), inadequate forest management (i.e., indiscriminate logging) and disturbance at breeding sites due to construction of roads and forest trails during the breeding season (Ferguson-Lees and Christie 2001; BirdLife International 2015) .
Study area and bird tagging
This study took place in Spain under the framework of the MIGRA project leaded by the Spanish Ornithological Society (SEO/BirdLife). This project is aimed at obtaining a better understanding of the spatial ecology of Iberian migratory birds, with particular focus on their conservation problems either during migration or at their wintering and breeding grounds (for further details, see the project website included in Acknowledgments).
We captured 16 adult breeding Booted Eagles (six males and ten females) in 12 different Spanish provinces (Á vila, Badajoz, Barcelona, Castellón, Ciudad Real, Huelva, Huesca, La Rioja, Lugo, Madrid, Málaga and Murcia) between 2011 (five in 2011 , three in 2012 , three in 2013 and five in 2104 . Eagles were captured using a dho-gaza net placed close to active nests with fledglings and a live Eagle Owl (Bubo bubo) used as decoy. Ten birds were equipped with 22 g solar powered GPS-Argos satellite transmitters manufactured by Microwave Telemetry Inc., and six were equipped with 20-23 g GPS-GSM dataloggers from Ecotone (SAKER 4L model). All transmitters were mounted in a backpack configuration and attached using cotton ribbon, designed to ensure that the Teflon harness would fall off at the end of the tag's life. Tags were programmed to collect GPS locations on an hourly basis from 06:00 h to 22:00 h (Greenwich Mean Time, GMT) during the breeding season. In all cases, blood samples were collected for sex determination by genetic analysis. All birds bred successfully after marking.
Following similar studies focused on the analysis of spatio-temporal variations in home range behaviour of long-lived territorial raptors (e.g., Campioni et al. 2013; López-López et al. 2014a ), we divided each breeding season into three periods: (1) a ''pre-laying'' period, which spanned from the arrival at breeding areas until egg laying; 2) a ''incubation ? nestling'' period, which comprised an average period of 39 days of incubation (García-Dios 2009) plus the period in which nestlings remained in the nest just before their first flights [52 days on average; García-Dios (2009)]; and finally, a (3) ''pre-migration'' period, including the dependence period of juveniles once fledged until the onset of autumn migration to their wintering grounds. Besides a detailed inspection of data recorded by satellite telemetry, we conducted field visits each year to each territory to confirm the presence of the individuals in their territories, record breeding behaviour, and eventually, to annotate breeding success. In this manner, we calculated laying date (with an error of ±3 days) from the age of the chicks when they were in the nest. Two Booted Eagles tracked in this study failed to breed in two years (one in 2013 and other in 2012 and 2013) . In these cases, we only used data for the overall breeding season for analysis, without dividing their recorded data into the three different periods. General information about data used for this study is publicly available in the website of MIGRA project leaded by the Spanish Ornithological Society (http://www.migraciondeaves.org/en/).
Home range size and spatial parameters
We assessed different levels of space use by means of the 100 % minimum convex polygon (MCP), 95, 75 and 50 % fixed-kernel density estimators. This approach allows comparison with similar studies of other birds in which home range size was calculated and represents a common standard approach in spatial ecology studies (Worton 1989; Cumming and Cornélis 2012) . We used the ad-hoc method to calculate the smoothing parameter (Silverman 1986 ). Following López-López et al. (2014a), we calculated the average spider distance (SD) and the eccentricity (ECC) of home ranges, which both represent a measure of spread of the home range. We calculated the SD as the average distance from the arithmetic centre of all locations to each particular location. SD is useful for developing test of habitat relationships that are not as sensitive to locational error or polygon mismapping as point or polygon methods (Hooge and Eichenlaub 2000) . ECC was computed as the distance from the nest used in each particular year to the arithmetic centre of all locations. ECC measures how much the territory deviates from being circular and was used to assess the extent to which the breeding area was centred on the home range (Bosch et al. 2010) . We also computed the distance covered in 1 h (using consecutive locations) and the distance from each location to the nest used the respective year. Finally, we computed the time budget as the frequency of movements throughout the day across the three different periods of the breeding season (López-López et al. 2014b) . All estimations of space use were calculated using the ''Animal Movement'' extension for ArcView 3.2 (Hooge and Eichenlaub 2000) and the Geospatial Modelling Environment software (Beyer 2012) .
Habitat use
To quantify habitat use, we used the land cover layer provided by the European Union CORINE 2006 Land Cover program (http://www.eea.europa.eu/data-and-maps/ data/corine-land-cover-2006-raster-3). We based our habitat use analysis on the comparison between observed values and a set of randomized values generated by Monte Carlo simulations. In doing so, we generated a set of random samples that provided a probability distribution based on real data against which to compare observed values (Gotelli and Ellison 2004) . This approach has the advantage over standard statistical methods of not relying on the assumption that data are sampled from a specific theoretical probability distribution (Gotelli and Ellison 2004; Manly 2006) . Hence, we firstly sampled the CORINE land cover values of all GPS locations (hereafter called observed values). Then, we generated 1000 random points within the MCP, which represents the maximum potential area used by each animal (Burt 1943) , for each combination of individual and breeding season, and sampled the land use values of these random points (hereafter called expected values). Using these expected values, we generated a probability distribution based on actual data of expected values against which to compare observed values by means of a randomization approach (1000 times) using the ''shuffle rows'' option in PopTools add-in for Microsoft Excel (Hood 2010). Then, we selected the same number of observed locations for each combination of individual-period-year from this set of expected values and its 1000 replicates and calculated the summary of land use categories for each replicate. Next, using the Monte Carlo analysis option implemented in PopTools, we selected the real observed values as the dependent range and this set of expected values and its 1000 replicates as test values. In this manner, the program computes how many times the frequency of observed values were equal or lesser (i.e., test criterion) than the expected values in each of the 1000 simulations. Finally, significance probability values, equivalent to traditional p values, were computed by counting the number of randomized cases that resulted in an equal or larger/smaller value than the observed value of land use category, and were then divided by the total number of randomizations (i.e. 1000 in our case). Monte Carlo simulations were run using a two-tailed test with alpha = 0.05.
In order to facilitate interpretation, we summarized the results of the analysis of habitat use by grouping the original 44 CORINE land cover classes ''CLC'' (i.e., thirdlevel CORINE codes; full legend available at http://www. eea.europa.eu/data-and-maps/figures/corine-land-cover-2006-by-country/legend) into seven main categories: artificial surfaces (CLC codes: 111-142), agricultural areas with arable land (CLC codes: 211-213), agricultural areas with permanent crops and pastures (CLC codes: 221-231), agro-forestry areas (CLC codes: 241-244), forests (CLC codes: 311-313), scrub and/or herbaceous vegetation associations , and open spaces, wetlands and water bodies (CLC codes: 331-523). Land cover values were sampled using the Geospatial Modelling Environment software (Beyer 2012) .
Statistical analysis
We used Linear Mixed Models (LMMs) to investigate the effects of the variables of interest (i.e., ''period'' and ''sex'') on ranging behaviour. To this end, different measures of home range size and spatial parameters were included as dependent variables in LMMs and each one was tested separately. LMMs are particularly useful for analysing longitudinal data when individuals are measured repeatedly over time (i.e., there is temporal autocorrelation due to repeated measurement of the same individuals; Zuur et al. 2009 ). Therefore, the variables ''period'' and ''sex'' were included as fixed effects in LMMs, whereas ''individual'' and ''year'' were included as random factors. Dependent variables were previously log-transformed to meet the assumptions of LMMs (Zuur et al. 2009 ). All models were validated by checking for homoscedasticity, normality of residuals and by computing relevant model diagnostic graphs (Zuur et al. 2009 ; results not shown). LMMs were computed using the ''nlme'' package for R (Pinheiro et al. 2013 ). Other statistical analyses (i.e., descriptive statistics, Kruskal-Wallis, Mann-Whitney tests and correlations) were computed using STATISTICA version 10.0 (www.statsoft.com). Statistical significance was set at p \ 0.05. Descriptive results are shown as mean ± standard deviation. Given that measures of home range size do not follow a normal distribution, median and inter-quartile range (IQR) are provided as the best descriptors of central tendency (Gotelli and Ellison 2004) .
Results
According to fieldwork, all birds were territorial breeders. Two individuals were tracked during four consecutive breeding seasons (2011) (2012) (2013) (2014) , five individuals were tracked during two consecutive breeding seasons (one during 2011-2012; two during 2012-2013; and two during 2013-2014) , and nine individuals were tracked during a single breeding season throughout the study period. In total, we obtained information of 27 different breeding seasons, including 45 complete periods: eight ''pre-laying'', 17 ''incubation ? nestling'' and 20 ''pre-migration'' periods, respectively.
Overall, 20,435 GPS fixes were used for the analyses, with an average of 1277 ± 794 locations/individual (median = 1116, IQR = 724-1819, N = 16). No differences were found in the number of locations per individual (Mann-Whitney, H 15,16 = 15.00, p = 0.451). Importantly, we first tested the effect of sample size on home-range sizes to assess any possible bias in the estimation of space use due to individual variability. This preliminary analysis showed that there was no significant correlation between the number of recorded locations and home-range size, either using the MCP ( H 2,45 = 5.82, p = 0.055). Furthermore, according to the results of LMMs, home range size (according to MCP, K95 %, K75 %, and K50 %) and spatial parameters (i.e., SD and ECC) did not show significant differences neither in relation to period nor sex (Table 2) .
Interestingly, there were differences in the distance to nest site and distance covered within 1 h in relation to period (Table 2) , with larger values for both variables recorded during the ''pre-migration period''. Again, according to the results of LMMs, no differences were found in these parameters in relation to sex (Table 2) .
Booted Eagles showed different levels of space use during the breeding season. With regards to the distance to the nest, Booted Eagles usually remained close to their breeding sites. However, all individuals consistently performed long-distance movements ([20 km) from the nest during all stages of the breeding season, resulting in large home range areas, and, more interestingly, in a topology of their territory that is extremely eccentric. For example, considering the whole breeding season, 56.11 % of locations were recorded at a distance \1 km from the nest (72.85 % of locations \3 km from it) (Fig. 1) . Only 15.55 % of locations were recorded [10 km from the nest (only 5.84 % of them at a distance [20 km) (Fig. 1) . The frequency of locations recorded \1 km from the nest was 79.35 % during the pre-laying period, 68.51 % during the ''incubation ? nestling'' period, and 47.27 % during the pre-migration period (Fig. 1) . On the contrary, the frequency of locations recorded [10 km from the nest accounted for 10.36, 12.65 and 17.58 % of locations recorded during the ''pre-laying'', ''incubation ? nestling'' and ''pre-migration'' periods, respectively (Fig. 1) . The maximum distances from the nest recorded in this study Results are expressed as median and interquartile range (in parentheses)
MCP minimum convex polygon, K fixed-kernel density, SD spider distance, ECC eccentricity. Surface units (MCP and kernels) and distance units (SD and ECC) are expressed in km 2 and m, respectively The variables ''period' and ''sex'' were included as fixed effects and ''individual'' and ''year'' were incorporated as random effects (see details in ''Materials and methods'') df degrees of freedom, MCP minimum convex polygon, K fixedkernel density, SD spider distance, ECC eccentricity Significant values discussed in the main text are highlighted with an asterisk were 62, 64 and 95 km, corresponding to locations recorded during the ''pre-migration'', ''incubation ? nestling'' and ''pre-migration'' periods, respectively. With regards to the length of movements recorded at 1 h intervals, Booted Eagles showed a frequency of short-distance movements ranging from 86.85 % during the ''prelaying'' period, to 69.55 % during the ''incubation ? nestling'' period, and 55.50 % during the pre-migration period (Fig. 2) . In contrast, the frequency of longdistance movements ([10 km in 1 h) was higher in the last stage of the breeding season when eagles were not necessarily so linked to their nest (8.22 % during the pre-migration period) (Fig. 2) .
In relation to the time of day (i.e., time budget), the distribution of the frequency of movements recorded at 1 h interval varied across the breeding season. Most long-distance movements ([10 km) took place from 12:00 h to 14:00 h during the ''pre-laying'' period, from 11:00 h to 14:00 h during the ''incubation ? nestling'' period, and spanned notably from 08:00 h to 16:00 h during the ''premigration'' period (Fig. 3) . In contrast, the great majority of short-distance movements (\1 km) took place after sunset (from 06:00 h to 08:00 h) and in late afternoon until sunrise (from 17:00 h to 22:00 h) (Fig. 3) .
Habitat use
Overall, Booted Eagles mainly used forests (broad-leaved, coniferous and mixed forest depending of the geographic region) and areas dominated by scrublands and/or herbaceous vegetation (mostly sclerophyllous vegetation and transitional zones between woodland-shrub), accounting for 54.43 % of land cover habitat types selected positively during the entire breeding season (Fig. 4) . Interestingly, patterns of habitat use changed across the breeding season. Scrublands were mainly used during the ''pre-laying'' and ''incubation ? nestling'' periods, ranging over forests and agro-forestry areas (55.56 % of land cover classes positively selected) as the breeding season advanced (Fig. 4) . Finally, Booted Eagles made use of forests and scrubland areas in the last stage of the breeding period, making use of artificial areas (i.e., human dominated landscapes) during the ''pre-migration'' period (Fig. 4) . Other habitat types, including non-irrigated arable land, crops, pastures and open areas, were also used, but to a lesser extent.
Discussion
Obtaining precise estimations of animals' space use is essential to undertake effective management actions, especially in the case of species of conservation concern. In this sense, studies conducted by means of satellite tracking technologies have revolutionized our understanding of behavioural movement patterns; from large-scale continental scale movements such as migration, to short-scale, fine movements during breeding and/or wintering seasons (Kays et al. 2015) . Hence, as far as we know, this study provides the first quantitative assessment of the home range size of the Booted Eagle by means of GPS satellite telemetry.
Our results showed greater home range size (i.e., 486.2 and 27.8 km 2 according to MCP and 95 % kernel, respectively; detailed results in Table 1 ) than that reported in previous studies. These works estimated home range size (using MCP) at 28.05 km 2 (range = 20.00-36.10 km 2 ) for two males, and 73.18 km 2 (range = 42.00-105.90 km 2 ) for five females radio-tracked in central Spain (Díaz-Ruiz and Cebollada-Baratas 2011). On the other hand, the other available study found in the literature reported an average ; N = 279 locations) for two males and four females radiotracked in south-eastern Spain (Martínez et al. 2007 (Martínez et al. 2011 ). These differences in home range size can be logically accounted for the different tracking methods, indicating that radiotracking tends to underestimate measures of home range size in comparison with unbiased GPS satellite tracking technologies (Girard et al. 2002; e.g., García-Ripollés et al. 2011; López-López et al. 2014a) .
With regards to sex differences in ranging behaviour, previous studies suggested different levels of space use by males and females, with females tending to range across larger areas than males, particularly during the pre-laying and pre-migratory periods (Díaz-Ruiz and Cebollada-Baratas 2011). In contrast, other studies found that these differences were not so evident (Martínez et al. 2007 ). In our case, no differences in space use were found in relation to sex, suggesting that both males and females are indistinctly able to range extensively. It is likely that sex differences suggested in previous works could be accounted for limited sample size and/or regional particular characteristics. Our design has the advantage that it does not suffer from the biases of previous studies using radio-tracking methods. Regional particular characteristics can also be ruled out since our study also included birds marked in the same study areas (i.e., central and southeastern Spain).
Our study revealed different levels of space use during the breeding season. In general, Booted Eagles concentrated their movements close to the nesting sites during the ''pre-laying'' period, increasing progressively during the breeding season, with the furthest records from the nest recorded during the ''pre-migration'' period (Fig. 1) . Booted Eagles are long-lived territorial philopatric species that need to establish and defend their territories just after arriving in Europe from spring migration (Jiménez-Franco et al. 2013) . Therefore, it is likely that they must restrict their movements in order to defend their territories against intruders, thus avoiding potential intra-specific competition (Martínez et al. 2006) . Interestingly, our results showed that Booted Eagles perform long distance movements (i.e., [20 km) from the nest throughout the breeding season. These movements took eagles as far as 95 km in linear distance from their nests, returning in successive locations. This pattern was consistently observed in all individuals, especially in six of them breeding in Castellón, Huesca, Madrid (2), Málaga and Murcia provinces (Fig. 5) , suggesting that this is a Fig. 3 Time budget showing the frequency of movements throughout the day during the ''pre-laying'' period (upper panel), ''incubation ? nestling'' period (central panel) and ''pre-migration'' period (lower panel). Time is expressed as GMT (see ''Materials and methods''). Sample size (i.e., number of locations) is the same as in Fig. 2 common feature of this species. Taking into account the medium size of this eagle (ca. 1 kg weight in females and 600 g in males), this behaviour is particularly demanding in terms of energy expenditure, which accentuates during the period in which birds are incubating or have nestlings. The answer to this question of why eagles travel so far seems to be related to prey availability (Martínez et al. 2007 ; Díaz-Ruiz and Cebollada-Baratas 2011; authors pers. obs.). However, how Booted Eagles obtain a positive energetic balance of such far-ranging movements seems intriguing, especially taking into account that they are single-prey loaders that capture small and medium size preys (i.e., birds, mammals and reptiles). A possible explanation is that most of these long-distance movements took place in central hours of the day, increasing over the breeding season (Fig. 3) . Booted Eagles exhibit a typically diurnal behavioural pattern of a central place forager (Orians and Pearson 1979) , using a combination of flapping, soaring and gliding flight modes for displacement. Thereby, eagles take advantage of thermal uplift in central hours of the day to make these long-distance outward movements from breeding sites to foraging areas and the corresponding return trips, resulting in lower energy expenditure and a positive energetic gain (Houston and McNamara 1985) . A similar behaviour where birds alternate short and long trips in a dual alternative foraging strategy has also been observed in seabirds tracked by satellite telemetry (Shoji et al. 2015) .
Unlike other European forest raptors, such as the Northern goshawk (Accipiter gentilis), the Eurasian sparrowhawk (Accipiter nisus), or the Honey buzzard (Pernis apivorus), to cite a few examples, the Booted Eagle cannot be considered a typical forest raptor (Cramp and Simmons 1980; Ferguson-Lees and Christie 2001) . Our results of habitat use confirm this claim, showing that Booted Eagles use forest areas essentially for nesting, and move to areas usually far from their nesting sites for foraging (Fig. 5) . In some cases, Booted Eagles build their nests in large trees close to human constructions, roads and trails, reflecting a certain degree of tolerance with human presence (Suárez et al. 2000) ; which has been associated with a likely increase in the availability of its potential prey within urban areas (Palomino and Carrascal 2007) . Our results show that foraging areas are mainly characterized by a mixture of mosaic landscapes dominated by Mediterranean scrublands, agro-forestry areas (fundamentally non-irrigated arable lands), open areas, crops and pastures. This confirm previous works in which the proportion of forest cover was the best predictor of the species occurrence at a small scale and the amount of edge habitat between forest and extensive agriculture was the best predictor at larger scales (Sánchez-Zapata and Calvo 1999) . In addition, our results agree with Martínez et al. (2007) , who showed that the probability of forest use strongly decreased with distance from nesting sites.
The Booted Eagle could be considered as an adequate bioindicator of human-dominated agro-forestry landscapes in which low-intensity traditional agricultural practices still persist. However, these Mediterranean landscapes are being subject to increasing human alteration, being replaced by intensive agricultural practices where pesticides and other biocides are extensively used, resulting in lower prey availability and consequent biodiversity loss (Saunders et al. 1991; Stoate et al. 2001; Donald et al. 2002) . In addition, habitat destruction due to forest fragmentation and disturbance due to uncontrolled logging Fig. 4 Habitat use of 16 breeding adult Booted Eagles tracked by GPS satellite telemetry in Spain (period 2011 Spain (period -2014 . Results were summarized according to the frequency of significant P values obtained from the Monte Carlo simulation analysis recorded for each original 44 CORINE land cover class (at third-level CORINE codes). In order to facilitate interpretation of the results, the most frequently used land cover classes were grouped into seven categories corresponding to structural landscape configuration activities during breeding also constitute potential threats for the species (García-Dios 2009).
Overall, one of the most important results of this study is the large size of home range areas and, particularly, the high eccentric topology of the territories. This has important implications from the conservation point of view. Habitually, management measures established by land managers and public administration are based on setting restrictions around nesting sites using buffer areas of arbitrary radii (normally between 500 m and 1 km for forest raptors) (Fernández-Juricic et al. 2005) . Taking into account that Booted Eagles concentrate almost half of their movements within a 1 km radius around their nest (i.e., 56.11 % for the overall season; 79.35, 68.51 and 47.27 % for the pre-laying, incubation ? nestling, and pre-migration periods, respectively; Fig. 1 ), this allows encompassing at least core areas, which is important for limiting potential disturbance activities (e.g., forestry works, logging, opening of new paths and tracks, etc.). However, our results also evidence that using these measures as the only ''proxy'' for conservation of forest raptors clearly results in large areas of their home ranges laying outside the ''restriction'' areas. Therefore, conservation measures should take into account the full range of agroforestry habitats encompassed within the home range. This also applies to the figures of protection such as Special Protected Areas for Birds and natural parks included in the NATURA 2000 network. Most of these areas were designed taking into account only the most suitable breeding habitats for birds (López-López et al. 2007) , excluding the surrounding landscapes where many forest-dwelling species forage (Carrete and Donázar 2005; Martínez et al. 2007 ). This is a similar conservation problem affecting other species inhabiting Mediterranean landscapes, such as the endangered Bonelli's Eagle (Aquila fasciata) or the Eurasian Eagle-Owl (Bubo bubo), which have to move outside protected areas for foraging. As a consequence, it results in an edge effect associated with protected areas, where mortality risks are higher, mainly due to electrocution in power lines (Pérez-García et al. 2011 ). In conclusion, our results support the claim that a large-scale management approach beyond the establishment of a closed network of protected areas is necessary for the conservation of Mediterranean raptors. This approach should include measures aimed at favouring the maintenance of low-intensity agro-forestry activities in which prey availability, especially rabbits (Oryctolagus cuniculus) is higher (Moreno and Villafuerte 1995) . Finally, our study reveals, once again, that animal monitoring by means of satellite telemetry is an essential tool not only for the study of the organisms' basic ecology, but also to determine which areas are of priority concern for an adequate conservation planning.
